Netrin-1 and its receptors deleted in colorectal cancer (DCC) and neogenin are expressed within the developing visual system and have been implicated in mediating axon guidance and cell migration. However, the expression of the netrin-1 receptor UNC-5 has not yet been addressed. Here we clone Xenopus UNC-5 (XUNC-5) and describe its expression within the developing visual system. Xunc-5 transcripts are expressed within the developing optic vesicles and later become restricted to the dorsal ciliary marginal zone, a site of retinoblast proliferation and differentiation. This highly restricted expression pattern could make XUNC-5 an excellent marker of dorsal retinal precursor cells.
Results and discussion
Netrins are highly conserved guidance cues that are capable of attracting some axons while repelling others. They mediate their response via the netrin receptors which are deleted in colorectal cancer (DCC) Keino-Masu et al., 1996; Kolodziej et al., 1996; Fazeli et al., 1997) , neogenin (Vielmetter et al., 1994; Keino-Masu et al., 1996; Keeling et al., 1997; Meyerhardt et al., 1997) and UNC-5 (Leung-Hagesteijn et al., 1992; Ackerman et al., 1997; Leonardo et al., 1997) . In the developing visual system, the expression patterns of netrin-1 and its receptors DCC and neogenin have been well characterized (Pierceall et al., 1994; Vielmetter et al., 1994; Deiner et al., 1997; de la Torre et al., 1997; Livesey and Hunt, 1997; Hoepker et al., 1999; Gad et al., 2000) . Netrin-1 is expressed at the optic nerve head and is involved in guiding retinal axons out of the eye (Deiner et al., 1997; de la Torre et al., 1997; Hoepker et al., 1999) . DCC and neogenin are both expressed in the developing eye and have been implicated in mediating axon guidance and cell migration (Pierceall et al., 1994; Vielmetter et al., 1994; Deiner et al., 1997; de la Torre et al., 1997; Gad et al., 2000) . However, the expression pattern of UNC-5 within the developing visual system is not known.
Here we report the cloning of Xenopus UNC-5 (XUNC-5) and describe its expression pattern within the developing visual system. Full length xunc-5 coding region was obtained by 5 0 -and 3 0 -rapid amplification of cDNA ends (RACE) based on a partial expressed sequence tag (EST) clone (GenBank accession number BF427006). XUNC-5 encodes a 943 amino acid protein that contains two Ig and two thrombospondin type I domains in the extracellular region and a ZU5, DB motif and a carboxyl-terminal death domain within the cytoplasmic tail (Fig. 1A ). XUNC-5 shows high homology to vertebrate UNC5H1, UNC5H2 and UNC5H3 (52, 77, 62% identity, respectively; Fig. 1B ).
To determine the spatial expression pattern of XUNC-5 within the developing visual system, we performed wholemount and section in situ hybridization on Xenopus embryos from various stages ( Fig. 1C-K ; staged by Nieuwkoop and Faber, 1956) . At stage 19, xunc-5 transcripts are expressed in the neural tube and developing optic vesicles (Fig. 1C) . By stage 26, transcripts of xunc-5 are detected in a highdorsal to low-ventral gradient around the periphery of the eye primordium, as well as in the otic vesicle, the brain and dorsal spinal cord ( Fig. 1D-E) . At stage 28, xunc-5 transcripts are expressed within the forebrain, midbrain, hindbrain and spinal cord (Fig. 1F) , and by stages 35/36 can also be detected in the anterior tectum, the target region of primary retinal projections (Fig. 1G) . Between stages 28 and 32, xunc-5 expression within the ventral retina progressively decreases, such that by stage 32, xunc-5 transcripts are confined to the dorsal ciliary marginal zone, a site of retinoblast proliferation and differentiation (Perron and Harris, 2000 ; Fig. 1H-I ). The expression of xunc-5 within the dorsal ciliary marginal zone is maintained through stages 35/36-40 ( Fig. 1J-K) . In summary, we have cloned and described the expression pattern of XUNC-5 within the developing visual system. Xunc-5 transcripts are expressed early within the developing optic vesicles and later become restricted to the dorsal ciliary marginal zone. In Xenopus, the ciliary marginal zone is subdivided into four zones, with the cells closest to the periphery of the retina being self-renewing retinal stem cells and pluripotent retinoblasts (Perron and Harris, 2000) . Thus, the highly restricted expression pattern of XUNC-5 within the dorsal ciliary marginal zone could make it an excellent marker of Xenopus dorsal retinal precursor cells.
Methods

Cloning of XUNC-5
Full length XUNC-5 was obtained by 5 0 -and 3 0 -RACE performed on cDNA made from RNA isolated from stages 35/36 Xenopus retina. Polymerase chain reaction (PCR) products were cloned into pGEMT-easy cloning vector (Promega) and sequence. (GenBank accession number is AY099459.)
In situ hybridisation
A xunc-5 antisense probe was generated using T7 RNA polymerase and digoxygenin (DIG) RNA labeling Kit (Boehringer Mannheim). Whole-mount in situ hybridization was performed on pigmented Xenopus embryos (Harland, 1991) . In situ hybridization on 16 mm cryostat sections of Xenopus embryos were performed as described by Kanekar et al. (1997) . 
